Purpose: Attention-deficit hyperactivity disorder (ADHD) is a common childhood neurobehavioral disorder characterized by inattention, poor impulse control, and motor restlessness. Risk factors include familial stressors, anxiety disorders, learning disabilities, abnormal brain development, heritability, and dopamine polymorphisms. Children with an orofacial clefting (OFC) history are at increased risk of familial stressors, anxiety disorders, learning disabilities, and abnormal brain development. Given this overlap, we present a conceptual model proposing that children with OFC may be more likely to exhibit ADHD symptoms than children without and explore this relationship using pilot data. Design: This cross-sectional pilot study included 29 children with OFC or a firstdegree relative with OFC recruited through a cleft research registry. Methods: The Disruptive Behavior Disorder Scale was used to collect data on children's ADHD symptoms. Saliva or whole blood samples were collected from children and parents for DNA analyses. ADHD-associated dopamine polymorphisms within the DRD4, DRD2, and DAT1 genes were genotyped. We tested for associations between presence of OFC and dopamine polymorphisms. Mixed-effects models tested whether children with OFC and dopamine polymorphisms had more ADHD symptoms. Results: The DRD4 4-repeat allele was associated with increased inattentive ADHD symptoms (p ¼ .03). Having the DRD2 Taq1A1 allele and OFC predicted fewer (p ¼ .02) inattentive ADHD symptoms. Children with OFC were significantly less likely to have the DAT1 10-repeat allele (p ¼ .04). Conclusions: Results indicate that further investigation among a larger sample of children with OFC is warranted, particularly for relationships with inattentive ADHD.
type (American Psychiatric Association, 2013) . ADHD often persists into adulthood, creating the potential for educational underachievement, employment difficulties, relationship difficulties, and substance abuse. Given its prevalence and lasting impact, it has become the most widely studied mental disorder among children. Extensive research findings suggest that ADHD is the result of multiple environmental, developmental, and hereditable factors (Kliegman, 2011) .
Developmentally, ADHD children are often missing normal asymmetry in the brain and have a 5-10% reduction in prefrontal cortex and basal ganglia brain structures. These brain structures are responsible for housing an abundance of dopamine receptors (Kliegman, 2011) . As such, several genes involved with dopamine signals and reuptake have been associated with ADHD (Waldman & Gizer, 2006) . These genes include, but are not limited to, DRD4, DRD2, and DAT1. Research suggests that ADHD is associated with the DRD4 4-repeat allele, in which there is a randomly repeated DNA sequence of the four allele (Bidwell et al., 2011; Fossella et al., 2002; Smith et al., 2003) as well as with the DRD2 Taq1 A1 allele (Comings et al., 1991; Drtilkova et al., 2008; Kopeckova et al., 2008; Sery et al., 2006; Smith et al., 2003) and the randomly repeated DNA sequence of the DAT1 10-repeat allele (Bellgrove, Hawi, Kirley, Gill, & Robertson, 2005; Bidwell et al., 2011; Cook et al., 1995; Kopeckova et al., 2008; Waldman et al., 1998) .
Nonsyndromic OFC is one of the most common congenital malformations, affecting approximately one infant per 500-1,000 births worldwide (Wyszynski, 2002) . Embryological development of OFC involves neural crest cells controlled by signaling from the brain. A brain malformation creates disrupted signals resulting in the OFC defect (Sperber, Sperber, & Guttmann, 2010) . Children with OFC are at risk of a variety of medical, cognitive (Wyszynski, 2002) , and psychosocial complications (Collett & Speltz, 2006) and are 30-40% more likely to experience familial stressors, learning disabilities, and anxiety disorders than children without the disorder (Wyszynski, 2002) . Additionally, research evidence suggests that children with OFC have abnormally small brains with a substantial decrease in the size of the frontal lobe (Nopoulos, Langbehn, Canady, Magnotta, & Richman, 2007) .
Given the overlap between OFC and ADHD, we propose a conceptual model (Figure 1 ) illustrating the hypotheses that (1) children with OFC are more likely to carry an ADHDassociated dopamine polymorphism and (2) having both OFC and a dopamine polymorphism is associated with either a greater likelihood of an ADHD diagnosis or increased ADHD symptoms. Subsequently, we use pilot data to explore these proposed relationships and to determine whether there is enough evidence to warrant further research and subject recruitment in this area.
Materials and Methods Subjects
With institutional review board approval, we used existing DNA samples and phenotype data from the study ''Extending the Phenotype of Nonsyndromic Orofacial Clefts'' (RO1DE016148). The premise of the parent study was to determine whether nonclefted members of cleft families were more likely to have cleft-related phenotypes than controls. The parent study utilized a descriptive cross-sectional design in which participants were seen only once for a variety of phenotypic assessments, including ADHD, and provided a whole blood or saliva sample for DNA extraction. Given the invasive nature and discomfort associated with a blood draw, saliva sampling was used whenever possible because DNA from saliva sampling is of the same quality as DNA obtained from blood. Participants were recruited through a research registry at the university-affiliated Cleft Craniofacial Center and included the children with OFC, their parents, and their siblings.
The subject population for the current study was 100% Caucasian and consisted of 29 children (14 males and 15 females) from 16 families. Ages of the children ranged from 2 to 12 years, with a mean age of 6 years. Participating children with OFC comprised 8 males and 12 females; the remaining 9 children had no cleft.
Disruptive Behavior Disorder (DBD) Scale
The DBD is a parental-report questionnaire used to assess behaviors associated with ADHD and to diagnose ADHD as inattentive, predominately hyperactive-impulse, or combined type (Barkley & Murphy, 2005) . Parents rate ADHD symptoms as never true (0), sometimes true (1), often true (2), and always true (3).
Inattentive symptoms include inability to pay attention to details or making careless mistakes in work or other activities, difficulty with sustained attention in tasks or play activities, not seeming to listen when spoken to directly, not following through on instructions and failing to finish work or chores, difficulty organizing tasks and activities, avoiding or disliking tasks that require sustained mental effort, often losing things necessary for tasks or activities, easily distracted by unimportant things, and forgetful in daily activities. Predominately hyperactive-impulsive type symptoms include often fidgeting with hands or feet or squirming in seat, difficulty remaining seated in classroom or other situations in which it is expected, running or climbing excessively in situations in which it is inappropriate, difficulty playing or engaging in leisure activities quietly, always ''on the go'' or acting as if ''driven by a motor,'' talking excessively, blurting out answers before questions have been completed, difficulty waiting for and taking turns, and often interrupting or intruding on others such as butting into conversations or games.
Because ADHD may be diagnosed more appropriately on a continuum of behavior (Bidwell et al., 2011) , we used the DBD as both a categorical and a dimensional measure of ADHD subtypes. For the categorical subtype measures, the presence of at least six inattention symptoms was required for the inattention diagnosis, the presence of at least six predominately hyperactive-impulsive symptoms was required for the hyperactive-impulsive diagnosis, and the presence of at least six of each symptom subtype was required for the combined type diagnosis. For a symptom to be considered ''present,'' it had to be rated as often true or always true. For the continuous measures of each subtype, the numerical scores for each symptom were summed for each subscale.
Genetic Analysis
Polymerase chain reaction (PCR) and size discriminating 2% agarose gel electrophoresis were utilized for the DRD4 variable number of tandem repeats (VNTR) and DAT1 VNTR genotyping. PCR primers and annealing conditions for DRD4 were 5 0 -CTT CCT ACC CTG CCC GCT CAT GCT GCT GCT CTA CTG G-3 0 for the forward and 5 0 -ACC ACC ACC GGC AGG ACC CTC ATG GCC TTG CGC TC-3 0 for the reverse primers, with an annealing temperature of 70 C. PCR primers and annealing conditions for DAT1 were 5 0 -TGT GGT GTA GGG AAC GGC CTG AG-3 0 for the forward and 5 0 -CTT CCT GGA GGT CAC GGC TCA AGG-3 0 for the reverse primers, with an annealing temperature of 59 C (Cheuk, Li, & Wong, 2006; Georgieva et al., 2002) . DRD2 was genotyped for the Taq A1 restriction fragment length polymorphism (RFLP) using PCR-RFLP and size discriminating 1% agarose gel electrophoresis. PCR primers and annealing conditions for DRD2 were 5 0 -CCG TCG ACC CTT CCT GAG TGT CAT CA-3 0 for the forward and 5 0 -CCG TCG ACG GCT GGC CAA GTT GTC TA-3 0 for the reverse primers, with an annealing temperature of 65 C and digestion of the PCR product with TaqA1 prior to electrophoresis (Grandy, Zhang, & Civelli, 1993) . All genotypes were double called by two individuals blind to the phenotype of the subjects. The raw data were evaluated for disparate genotyping calls and those that we were unable to resolve were regenotyped.
Statistical Analysis
SAS version 9.3 was used for statistical analysis. Fisher's exact testing was used to explore whether children with OFC were more likely to have an ADHD-associated dopamine polymorphism than children without OFC (Table 1) . To analyze whether having both a dopamine polymorphism and an OFC was associated with an increased risk of ADHD, we first tested whether any participants had categorically defined inattentive and/or predominately hyperactive ADHD. None did, so we did not use this measure in further analyses. Instead, we used linear mixed-effects models that accounted for correlation of participants within each family to determine whether having both a gene polymorphism and an OFC was associated with either the inattentive or predominately hyperactive-impulsive ADHD continuous subtype measure. Although testing for an interaction between OFC and the dopamine polymorphism was our primary aim, if this interaction was not significant, we also tested whether the main effects of OFC and the dopamine polymorphisms were associated with the ADHD continuous subtype measures. If significant associations were identified, we further broke down the continuous measure and explored associations for each of the individual symptoms within the subtype measure. All models controlled for age and gender and accounted for familial relationship (Table 2) .
Results

DRD4 Results
The DRD4 4-repeat allele was present in 72% of the sample, including 14 children with OFC and 4 without OFC (Table 1) . We found no significant relationship between having an OFC and having the DRD4 4-repeat allele (Fisher's exact test, p ¼ .36). Mixed-effects model results indicated that having both OFC and the DRD4 4-repeat allele was not associated with either inattentive or predominately hyperactive-impulsive ADHD (Table 2 ). However, having the DRD4 4-repeat allele was associated with having a higher inattentive ADHD score after controlling for age, gender, and OFC status (b ¼ 1.47, p ¼ .03). In particular, the DRD4 4-repeat allele was associated with higher scores on the ''avoids or dislikes tasks that require sustained mental effort'' (b ¼ .41, p ¼ .03) and ''difficulty organizing tasks and activities'' (b ¼ .32, p ¼ .006) inattentive ADHD symptoms after controlling for OFC status, age, and gender.
DRD2 Results
DRD2 genotyping indicated the presence of the Taq1A1 allele in 46% of the sample, including eight children with OFC and three without OFC (Table 1) . We found no significant relationship between having an OFC and having the DRD2 Taq1A1 allele (Fisher's exact test, p ¼ .68). Mixed-effects model findings for DRD2 suggested that having an OFC with the presence of the Taq1A1 allele is significantly associated with having fewer inattentive ADHD symptoms (b ¼ À5.93, SE ¼ 1.84 p ¼ .02; Table 2 ). Further analyses indicated no relationship between having both an OFC and a Taq1A1 allele and any individual inattentive ADHD symptoms. We found no increased risk of predominately hyperactive-impulsive ADHD among OFC children with the presence of a Taq1A1 allele.
DAT1 Results
DAT1 genotyping showed the presence of the 10-repeat allele in 44% of the sample, including five children with OFC and six without OFC (Table 1) . OFC children were significantly less likely to have the 10-repeat allele (Fisher's exact test, p ¼ .04). Furthermore, mixed-effects modeling indicated that having both OFC and the DAT1 10-repeat allele was not associated with inattentive or predominately hyperactive ADHD (Table 2) . Neither the OFC main effect nor the DAT1 10-repeat allele main effect was significantly associated with the DBD scale.
Discussion
Previous research has suggested an association between the DRD4 4-repeat allele and ADHD (Bidwell et al., 2011; Fossella et al., 2002; Smith et al., 2003) . We observed this association in our sample, though it was based on a continuum of ADHD symptomatology rather than the traditional categorical DBD diagnosis confirmation. Although participants in this investigation did not have a categorical diagnosis of ADHD, results indicated a significant association between the 4-repeat allele and the inattentive ADHD subtype, particularly with the symptoms of ''avoids or dislikes tasks that require sustained mental effort'' and ''difficulty organizing tasks and activities.'' These findings are similar to those of Bidwell et al. (2011) , who also found an association between the 4-repeat allele and increased ADHD inattentive symptoms. We did not observe any association between having the DRD4 4-repeat allele and OFC. As such, children with both an OFC and the DRD4 4-repeat allele were not more likely to have an increased or a decreased risk of ADHD. Our finding indicating that having an OFC and the presence of a DRD2 Taq1A1 could be protective of inattentive-type ADHD based on a continuum of symptoms is novel. However, they are contradictory to previous investigations that found a relationship between Taq1A1 and ADHD (Comings et al., 1991; Drtilkova et al., 2008; Kopeckova et al., 2008; Sery et al., 2006; Smith et al., 2003) . Since previous investigations did not focus on the OFC population, our results may indicate a potential gene-gene interaction between genes associated with clefting and having Taq1A1 allele, creating a decreased risk.
Finally, our result indicating that children with OFC are significantly less likely to have a DAT1 10-repeat allele is also novel. Although this finding suggests that there may be a link between OFC and the 10-repeat allele, it does not support results from previous investigations that suggest an association between the 10-repeat allele and ADHD in general (Bellgrove et al., 2005; Bidwell et al., 2011; Cook et al., 1995; Kopeckova et al., 2008; Waldman et al., 1998) . The decreased incidence of child with OFC having the DAT1 10-repeat allele suggests that it is unlikely for OFC polymorphisms to occur concurrently with this dopamine polymorphism. Again this may suggest a gene-gene interaction in that the DAT1 10-repeat allele is protective of OFC development or that these two polymorphisms do not commonly occur together among those families with clefting. Our failure to detect an association between the 10repeat allele and ADHD may be attributed to sample size as well as the sample population since this polymorphism was found significantly less among the children with OFC than among those without OFC. As such, these findings might change with a larger sample size.
Implications
To date, there are no known published studies investigating ADHD dopamine polymorphisms among the OFC population. This pilot study serves as a key, groundbreaking step (Leon, Davis, & Kraemer, 2011) in the exploration of potential genetic relationships between ADHD and OFC. As is often the case with pilot studies, ours was limited due to the sample size and absence of categorical ADHD diagnoses, which prompted analyses of ADHD types based on a continuum, which is not traditionally done with the DBD. Given that our study was underpowered to find the types of interactions we were hypothesizing, the lack of significant findings suggests that our results are inconclusive thus far. Hence, further investigation with a larger OFC population and presence of a categorical ADHD diagnosis or use of a continual ADHD measure is needed to continue exploring the relationships of DRD4, DRD2, and DAT1 and the risk of ADHD in the OFC population-inattentive ADHD and its symptomatology in particular.
This population is already at risk of medical, cognitive, and psychosocial complications. Determining the genetic associations of ADHD dopamine polymorphisms among the OFC population may assist in accurate ADHD diagnoses. Earlier recognition, diagnosis, and intervention for ADHD may improve developmental outcomes. Prevention of ADHD complications such as risk-taking behaviors, educational underachievement or employment difficulties, and relationship difficulties may improve quality of life.
